Our investigation of 1004 faecal specimens from European bats for picornaviruses by broadly reactive nested reverse transcription-PCR found picornaviral RNA in 28 samples (2.8 %). Phylogenetic analysis of the partial 3D genomic region suggested that one bat virus belonged to the species Enterovirus G (EV-G, formerly Porcine enterovirus B). Bat infection was supported by relatively high EV-G concentrations of 1.1Â10
Bats are important reservoirs of major mammalian pathogens [1] . There are a number of important ecological traits that facilitate virus infection and evolution in bats, including the large size of their populations and the close contact of individuals within these populations, their longevity and their ability to fly [2] . The Picornaviridae are a highly diversified family with 31 established genera that contain important human and animal pathogens. However, the data available on bat picornaviruses are limited. Putative members of the genus Kobuvirus and unclassified bat viruses distantly related to the genera Enterovirus and Sapelovirus were identified through metagenomics approaches in faecal specimens of unknown bat hosts from the USA and China [3, 4] . Additionally, a novel genus termed Mischivirus was recently identified in Chinese and Hungarian Miniopterus [5, 6] and African Hipposideros bats, respectively (Fig. 1a) . To expand our knowledge of bat picornaviruses, we tested 1004 faecal samples from European bats.
Bat specimens representing 24 different bat species were collected for an investigation of coronaviruses in 2008 in Germany, Romania and Bulgaria (Table 1) and RNA was purified as described previously [7] . A broadly reactive nested reverse transcription-PCR (RT-PCR) assay targeting the 3D genome region encoding the viral RNA-dependent RNA polymerase was designed to allow the detection of genetically diverse picornaviruses. The primers were: EV6611F (GCIGTIGGITGYRAYCCIGA), EV6842F (A TGCCITCIGGITGYTCWGGIAC), EV6920R (ACRTCA TCICCRTAIGC) and EV7063R (YTTRTCWGSWGGWG TCAT), with I=inosine, Y=C/T, R=A/G, S=G/C and W=A/ T. The primer names indicate genomic positions according to poliovirus 1 (PV1) strain Mahoney (GenBank accession number V01149). The first-round RT-PCR used the SuperScript III One-Step RT-PCR kit (Life Technologies) with 5 µl of RNA in a 50 µl reaction volume, 1600 nM each of the first-round primers, 1 µg bovine serum albumin, 0.2 mM of each dNTP and 2.4 mM MgSO 4 . The second-round 50 µl Platinum Taq reactions were carried out as recommended by the manufacturer (Life Technologies) and used 1 µl of first-round PCR product, 2 mM MgCl 2 and 800 nM each of the second-round primers. The first-round RT-PCR (a) Phylogenetic relations of reference picornaviruses in the genome region encoding the complete 3D polymerase. The Bayesian phylogeny was inferred using MrBayes version 3.1 with a GTR+G+I nucleotide substitution model, 4 000 000 generations sampled every 100 steps and 10 000 trees discarded as burn-in. The tree was rooted by Solenopsis invicta virus 2 (GB no. NC_009544). Posterior probabilities are not shown for clarity of graphical presentation. PV, Picornavirus. Bat-associated genera (according to this and previous studies) are given in red. (b) Phylogenetic tree of bat mischiviruses and related picornaviruses. The tree was inferred using a maximum likelihood algorithm with a Tamura-Nei substitution model and gamma-distributed rates among sites. After the deletion of sites that contained gaps, 669 nucleotide positions remained for the analysis. The numbers at tree nodes show the percentage of 1000 bootstrap replicates supporting a node (only values above 60 are shown for graphical reasons). Bat viruses identified in this study are indicated in red and bat viruses reported previously are indicated in green. Grey circles with lower-case letters indicate groups discussed in the text. (c) Phylogenetic relations of enterovirus-and sapelovirus-related bat picornaviruses. The tree was created similarly to that in (b) using 720 nucleotide positions. Schematic representations of 3¢-nontranslated region (3¢-NTR) structures of selected viruses indicated with arrows are given to the right of the tree. The tertiary kissing interaction between loops of the 3¢-terminal domains typical of enteroviruses is indicated in red.
resolution and characterize the viral 3¢ genome ends, the 400 nucleotide (nt) sequence of the PCR screening fragment was extended to approximately 800 nt using a 3¢-RACE strategy, as described previously [8] . Only successfully extended sequences were used for phylogenetic analysis, since the genomic fragment amplified by the screening PCR assay did not yield robust statistical support for grouping in the preliminary phylogenetic analyses. All sequences were submitted to GenBank (accession numbers JQ916917-JQ916944). No other genomic region could be characterized, despite repeated attempts.
Picornavirus RNA was detected in 28 specimens (2.8 %) from nine different European bat species belonging to the genera Rhinolophus, Myotis, Nyctalus and Miniopterus (Table 1) . Phylogenetically, the bat picornaviruses described in this study belonged to two distinct clades. The first clade was represented by viruses from Bulgarian Miniopterus (Fig. 1b, node a) differed by 4.8-15.2 % on the amino acid (aa) level, which is less than the variability observed within other picornavirus genera [9] . The tentative mischiviruses from Romanian Myotis bats (Fig. 1b, node b) clustered with an African bat virus provisionally termed mischivirus C from Hipposideros gigas (Genbank accession number: KP100644). These European and African viruses differed by 17.0 % aa sequence, which was comparable to the diversity among Miniopterus bat mischiviruses and consistent with their designation as the genus Mischivirus.
The second clade contained viruses from six different European bat species (Fig. 1c, node c) . Interestingly, one bat virus termed BtPV/NM98-80 from a German Myotis bechsteinii was phylogenetically closely related to Porcine enterovirus B (PEV-B) , recently renamed as the species Enterovirus G (EV-G) (Fig. 1c, node g ). The virus quantity estimated by strain-specific real-time RT-PCR was 1.1Â10 6 RNA copies per gram of faeces, which is compatible with infection rather than contamination from an external source, e.g. through the ingestion of contaminated water by the animal [10, 11] .
All of the other new bat viruses within this clade grouped phylogenetically with the recently identified bat picornaviruses 1-3, and feline and canine picornaviruses [3, 12, 13] , and generally in sister relationship with the genera Enterovirus (Fig. 1c, clade h) and Sapelovirus. The fully characterized picornaviruses in this clade have not yet been assigned taxonomic ranks by the International Committee on Taxonomy of Viruses (ICTV), but they were more similar to sapeloviruses than enteroviruses (EVs) according to phylogenetic criteria and genome structure [3, 12, 13] . To obtain additional support for the taxonomic assignment of members of this clade, we characterized the secondary structure of the 3¢-nontranslated region (3¢-NTR). A distinctive feature of EVs compared to most other picornaviruses is a tertiary kissing interaction between loops of the two 3¢-terminal domains of the 3¢-NTR [14] . The kissing interaction could be identified in all unclassified bat, feline and canine picornaviruses (Figs 1c and 2 ). In contrast, this structure was absent in rhinoviruses (assigned to the genus Enterovirus) and members of the genus Sapelovirus. The structural elements of the 3¢-NTR are important for the initiation of (À)RNA strand synthesis [15] . The relatedness of the 3¢- Simian sapelovirus-1/AY064708 Human rhinovirus 89/NC001617 Fig. 2 . Secondary structure of 3¢-NTRs of enteroviruses, sapeloviruses and unclassified picornaviruses. Structures were predicted using Mfold [26] and confirmed manually based on the conservation or compensatory substitutions of paired nucleotides among NTR structures of the unclassified picornaviruses and EVs may thus hint at similarities in their replication and represent an additional criterion to distinguish them from sapeloviruses. The different 3¢-NTR structures in rhino-and sapeloviruses may hint at ancient recombination events. The incongruences between the topologies of the phylogenetic reconstructions relying on the full 3D (Fig. 1a) and the partial 3D genome regions (Fig. 1c) may also be consistent with ancient recombination events. Recombination analyses in RDP4 [16] using the available fully characterized genomes of the unclassified picornaviruses composing this clade were compatible with breakpoints in the 3¢-end of the 3D domain. However, putative recombination events in this genome region were not reliably supported (data not shown). Interestingly, secondary structures typical of the coronavirus stem-loop II-like element were found in the 3¢-NTR of bat picornavirus isolate BR89-2 and the unclassified canine picornavirus (shown in green and boxed in Fig. 2 ). Beyond coronaviruses, this genetic element was described in astroviruses and a member of the horse-associated Picornaviridae genus Erbovirus [17] . The presence of this element in diverse RNA viruses may hint at ancient recombination events between distantly related viral taxa. It is of note that the only bat picornavirus from our study containing this 3¢-NTR element was from a rhinolophid bat. The bat genus Rhinolophus is known to host coronaviruses that have this conserved RNA element, including the severe acute respiratory syndrome coronavirus (SARS-CoV) [18] , potentially facilitating the exchange of genetic material between viral families. This hypothesis is consistent with a recently reported recombinant bat coronavirus that acquired a bat orthoreovirus gene [19] .
As there are no taxonomic criteria available for the unclassified bat picornaviruses, the well-established criteria used for EVs were used to provisionally estimate the diversity of bat picornaviruses within this clade. For the demarcation of EV species, a cut-off of 30 % aa sequence distance over the combined 2C+3 CD genome regions was used [9] . Because we could not characterize these genomic regions and because the partial 3D genome region characterized in this study is more conserved than 2C and 3C, a surrogate criterion for tentative species prediction was created specifically for the studied genome region. For this purpose, all of the available complete EV genomes were aligned. Viruses of distinct EV species differed by at least 15 % aa sequence in the partial 3D genome region analysed in this study. According to our surrogate taxonomic criterion, European and Chinese Miniopterus viruses (Fig. 1c , node e) may be regarded as the same species (0.5-6 % aa sequence distance). This was also the case for European and Chinese Vespertilionidae viruses (Fig. 1c, node k; 10.2 % aa sequence distance). For European and Chinese rhinolophid bat viruses (Fig. 1c, node f) , the genetic distance was on the border of the surrogate species cut-off (15 % aa sequence distance). They might thus belong to the same species; however, this conclusion awaits further verification using full genomic sequences. Finally, the bat and porcine EV-G only differed by 21 % nt sequence and 10 % aa sequence, which suggests that these viruses are conspecific according to our surrogate taxonomic criterion. Extrapolation of the rapid evolution of EVs, which accumulate between 3Â10
À3 and 12Â10 À3 substitutions per site per year [20] , projects the existence of a common ancestor of porcine EV-G and BtPV/NM98-80 only a few decades ago and a recent cross-order host switch. However, it is not known if EV-G became established in bats, or if this isolated detection represents a single spillover infection.
During our previous studies on bat coronaviruses using the same bat samples, we observed genetic relatedness between European and Chinese bat coronavirus species and noted that conspecific viruses from European and Chinese rhinolophid bats tend to be segregated by longer branches than conspecific viruses from European and Chinese Miniopterus bats [21, 22] . Interestingly, a similar pattern was observed for some of the unclassified bat picornaviruses and mischiviruses, in that viruses hosted by Miniopterus bats tended to be segregated by relatively short branches, whereas potentially conspecific viruses from rhinolophid bats were more distantly related. Rhinolophus bats in general are considered to be sedentary, with the longest movement recorded in Europe being up to 320 km [23] . In contrast, Miniopterus bats are considered to be migrant species, with the longest movement recorded in Europe being 833 km [23, 24] . Hypothetically, the higher mobility of Miniopterus bats may thus have facilitated virus spread between geographically distant bat populations, resulting in shorter branch lengths.
Due to their fast evolution, viruses may complement analyses of host dispersion that classically rely on host genomic markers, as demonstrated recently for rabies virus [25] . Picornaviruses quickly accumulate mutations, and may thus provide a better phylogenetic resolution on a short time scale than other viruses. In summary, our findings corroborate that bats host diverse picornaviruses and suggest that these viruses may prove useful for ecological investigations.
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